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THERMAL ANNEALING OF RADIATION DAMAGED SILICON 

P. H. Fang 
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 

Goddard Space F l i g h t  Center  
Greenbel t ,  Maryland 

We have observed a complete recovery of S i l i c o n  solar 
c e l l s  damaged by e l e c t r o n  o r  pro ton  r a d i a t i o n  a t  room tempera- 
t u r e  by thermal  anneal ing.  The t echno log ica l  a s p e c t s  of t h e s e  
r e s u l t s  are very i n t e r e s t i n g  because w e  can v i s u a l i z e  t h e  poss i -  
b i l i t y  of r e juvena t ing  s o l a r  cells on satel l i tes  which have 
been damaged by space r a d i a t i o n .  The purpose of t h i s  le t ter  
is t o  r e p o r t  some observa t ions  a s s o c i a t e d  w i t h  t h e  k i n e t i c s  
of d e f e c t  annea l ing  i n  S i l i c o n  which have basic p h y s i c a l  
i n t e r e s t .  

I n  our  experiment,  t h e  so-ca l led  n-on-p s o l a r  ce l l s  
were used. The f r o n t  su r f ace  of t h e  ce l l ,  where t h e  l i g h t  
e n t e r s ,  c o n s i s t s  of n-type (P-doped) S i l i c o n ,  about 0.5 p 

t h i c k .  Under t h i s  is a n  n-p j u n c t i o n  of about 0.5 ~1 th ickness .  
The e l e c t r o d e s  are Ag-Ti a l l o y .  The annea l ing  is  conducted 
i", 2 hydrcgen gtmOEphsrP to 2T.r Qic! t h e  rrxidatinn of the 
e l e c t r o d e s .  

F ig .  l (a )  i l l u s t r a t e s  a h i s tog raph  of a t y p i c a l  quantum 

y i e l d  (Q.Y.) curve.  The base material of t h i s  s o l a r  c e l l  
h a s  10 Q-cm r e s i s t i v i t y .  The cu rves  i n d i c a t e  a profound 
change of the  quantum y i e l d  a t  wavelengths longer  than  
0.6  p corresponding t o  a depth g r e a t e r  than  3 p, i . e . ,  i n  

t h e  p-region. However, one should not  i n f e r  a lesser damage 
s u s c e p t i t i l i t y  in t h e  n-region. The appearance of t h i s  lesser 
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damage is due t o  t h e  p-n junc t ion  f i e l d  which is very near  
t o  t h e  n-region. A complete anneal ing is demonstrated i n  
t h e  f i g u r e .  We have a l s o  measured an i sochrona l  annea l ing .  
From room temperature up t o  25OoC, wi th  annea l ing  t i m e  up 

48 hours,  no annea l ing  i n  t h e  pho tovo l t a i c  e f f e c t  is 
observed. W e  t h e r e f o r e  conclude t h a t  t h e  E c e n t e r ,  which 

would be annealed near  2OO0C, does not c o n t r i b u t e  s igr i i f  i c a n t l y  

t o  t h e   photovoltaic. e f f e c t .  

Fig.  l ( b )  g ives  t he  change of Q.Y. from the  o r i g i n a l  
va lue ,  due t o  t h e  r a d i a t i o n  of 1 Mev e l e c t r o n s  a t  t h r e e  
d i f f e r e n t  accumulated f l u x  l e v e l s  b and consequent annea l ings  
measured a t  0.9 ~1 ( w i t h  1008 bandwidth). 
be explained by an i n t u i t i v e  p i c t u r e  t h a t  the  number of  
annealed d e f e c t s  is p ropor t iona l  t o  t h e  o r i g i n a l  number of  
defects,  as  i n  t h e  model of a r a d i o a c t i v e  m a s s  decay. 
According t o  t h i s  model, l a r g e r  annea l ing  e f f e c t s  should 
be observed i n  high d e f e c t  dens i ty  specimens. Fig.  2 i n d i c a t e s  
t h e  oppos i te .  

The r e s u l t s  cannot 

Fig.  2 shows t h e  isothermal  recovery of the  s h o r t  
c i r c u i t  c u r r e n t .  The l i g h t  source is a Xenon arc. The 

cu rves  i n d i c a t e  an  i n i t i a l  fast  recovery s t a g e ,  followed 
by  a slower s t a g e  o r  s t a g e s  of recovery.  Therefore ,  a s i n g l e  
first or second o r d e r  k i n e t i c s  is no t  adequate t o  describe 
t h e  observa t ion .  I n  t h e  EPR measurementofthe rate of defect 
product ion ,  t h e  f l u x  l e v e l s  a r e  u s u a l l y  i n  t h e  o rde r  of 10 17 / c m  2 (2) 

We have shown t h a t  even a t  t h e  1014 e l e c t r o n  f l u x  l e v e l ,  t h e  
defect product ion  rate is n o t  a cons t an t .  Therefore ,  it is 
n o t  s imple t o  c o r r e l a t e  t h e  rate product ion  a t  high and low 
f l u x  l e v e l s .  I n  the a n a l y s i s  of r a d i a t i o n  damage of solar 
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16 2 c e l l s ,  wi th a f l u x  l e v e l  up t o  10 / c m  , a tac i t  assumption 
of s i n g l e  d e f e c t  models was made(3). 
t h a t  t h e r e  is more than one type of d e f e c t ,  a n a l y s i s  based 
on a s i n g l e  d e f e c t  model cannot be accu ra t e .  

S ince  w e  have shown 

A s t r o n g  dependence of t h e  annea l ing  k i n e t i c s  on t h e  
f l u x  l e v e l  is i n d i c a t e d  i n  Fig .  2. W e  b e l i e v e  i n t e r a c t i o n  
between defects is necessary to  e x p l a i n  t h i s  e f f e c t .  I f  w e  
s h i f t  the  o r i g i n s  of t h e  t i m e  a x i s  f o r  curves  of d i f f e r e n t  
o r i g i n a l  damage, and i f  t h e r e  is no i n t e r a c t i o n  among d i f f e r -  
e n t  d e f e c t s ,  t h e n  the cons ide ra t ion  of t h e  t h e r m a l  e q u i l i -  
brium of defects a t  s p e c i f i c  temperatures ,  and t h e  s i m i l a r i t y  
of t h e  ra te  of i n t r o d u c t i o n  and annea l ing  (4) demands a 
coalescence of a l l  curves .  Our obse rva t ion  cannot be expla ined  
by t h e  known k i n e t i c s  of thermal annea l ing  (4) ,  even gene ra l i zed  
by inc lud ing  d i f f e r e n t  s p e c i e s  of d e f e c t s  o r  a d i s t r i b u t i o n  of 
a c t i v a t i o n  e n e r g i e s  f o r  anneal ing (5) 
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L i s t  of F igu res  

Fig.  l ( a )  - T o t a l  quantum y i e l d  s p e c t r a  0: 
o r i g i n a l ,  a f t e r  r a d i a t i o n  and 

Fig .  l ( b )  - Successive s t a g e  of annea l ing  
d i f f e r e n t  l e v e l  of damages. 

' a s o l a r  ce l l ,  
a f t e r  annea l ing .  

a t  4OO0C f o r  

F i g ,  2 - I so thermal  (44OOC) annea l ing  curve f o r  t h r e e  
l e v e l s  of damage. 
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